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ABSTRACT 
Human urinary k a l l i k r e i n (EC 3.4.21.8) was p u r i f i e d to electrophore-
t i c homogeneity by gel f i l t r a t i o n on Sephacryl S-200, followed by 
a f f i n i t y chromatography on Trasylol-Sepharose and chromatography on 
DEAE-Sepharose. K a l l i k r e i n a c t i v i t y i n human urine samples was deter-
mined using Ac-Phe-ArgOEt. The hyd r o l y s i s of Ac-Phe-ArgOEt was com-
pared with a radioimmunoassay, a b i o l o g i c a l assay and the cleavage of 
D-Val-Leu-ArgNHp. Clear c o r r e l a t i o n s were found. These arguments are 
strongly i n favour of the presumption that i n the assay applied only 
the k a l l i k r e i n content of urine i s determined. 
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INTRODUCTION 
The p o s s i b l e r o l e of urinary k a l l i k r e i n i n the r e g u l a t i o n of kidney 
function or blood pressure has been debated f o r a long time (Pisano, 
1976). We even think that the question whether uri n a r y k a l l i k r e i n i s 
synthesized i n the kidneys or whether i t represents only f i l t e r e d en-
zyme of pancreatic or s a l i v a r y gland o r i g i n i s not f i n a l l y s e t t l e d . 
When we st a r t e d i n v e s t i g a t i o n s i n the hope of c o n t r i b u t i n g to the 
c l a r i f i c a t i o n of these problems, we r e a l i z e d that the methods pre-
sentl y a v a i l a b l e f o r the determination of glandular k a l l i k r e i n s i n 
human urine and other body f l u i d s were rather cumbersome ( F i e d l e r , 
1978). 
MATERIALS AND METHODS 
D-Val-Leu-ArgOEt, D-Val-Leu-ArgNHNp and other n i t r o a n i l i d e s were ki n d -
l y provided by KABI, Mölndal, Sweden. T r a s y l o l was a g i f t from Bayer 
AG, Leverkusen. Z-Ser-Pro-Phe-Arg-MNA was purchased from Enzyme 
Systems Products, I n d i a n a p o l i s , USA, and Fast Blue B S a l t from SERVA, 
Heidelberg. Ac-Phe-ArgOEt was synthesized according to F i e d l e r (1978). 
Human urinary k a l l i k r e i n a c t i v i t y was assayed with peptide esters and 
n i t r o a n i l i d e s as substrates as described ( F i e d l e r , 1978). Dog blood 
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pressure was measured according to Dittmann (1978). Human urinary 
k a l l i k r e i n content i n urine samples was assayed by radioimmunoassay 
as described by Mann (1977). 
RESULTS AND DISCUSSION 
As the f i r s t step f o r the development of a radioimmunoassay and other 
assay methods f o r human urinary k a l l i k r e i n we began with an i s o l a t i o n 
of t h i s enzyme (see Table 1), somewhat modified as communicated i n 
Mainz at the I n t e r n a t i o n a l Symposium on Kininogenases (Mann, 1977). 
TABLE 1 I s o l a t i o n of human urinary k a l l i k r e i n 
(Geiger, 1977) 
Steps P u r i f i c a t i o n 
C o l l e c t i o n of human male urine -
D i a l y s i s -
L y o p h i l i s a t i o n -
E x t r a c t i o n of the crude urine 
powder -
Sephacryl S-200 1 
T r a s y l o l Sepharose 89 
DEAE-Sepharose 240 
D i f f e r e n t preparations of human urinary k a l l i k r e i n obtained from 
d i f f e r e n t batches of s t a r t i n g m a t e r i a l showed a s t a r t l i n g behaviour 
on acrylamide g e l electrophoresis at pH 6 as w e l l as pH 8. Some d i s -
played only one p r o t e i n band as stated p r e v i o u s l y , but other prepar-
ations were resolved i n t o three bands as described also by Moriya and 
coworkers (Matsuda, 1976). A l l these bands could be revealed also by 
ac t i v e enzyme s t a i n i n g using Z-Ser-Pro-Phe-Arg-MNA and coupling with 
Fast Blue B S a l t , a method used by Smith (1975) f o r the histochemical 
l o c a l i z a t i o n of p r o t e o l y t i c a l enzymes. A f t e r incubation with T r a s y l o l , 
however, the bands merged i n t o only one of slower e l e c t r o p h o r e t i c 
m o b i l i t y . 
I t has been observed i n t h i s laboratory that Ac-Phe-ArgOMe i s a much 
better substrate than are simple a-N-acetylated a r g i n i n e esters f o r 
porcine pancreatic ( F i e d l e r , 1976) as w e l l as submandibular and u r i n -
ary ( F r i t z , 1977) k a l l i k r e i n s . Furthermore the corresponding e t h y l 
e s t e r , Ac-Phe-ArgOEt, was the most r a p i d l y hydrolysed substrate f o r 
human urina r y k a l l i k r e i n described as yet ( F i e d l e r , 1978). The react-
ion was followed i n analogy to the t e s t with BzArgOEt developed by 
Trautschold and Werle (1961, see Table 2). 
TABLE 2 Scheme of k a l l i k r e i n determination 
using Ac-Phe-ArgOEt as substrate 
AC-PHE-ARGOET » AC-PHE-ARG + C 2 H 50H 
ALCOHOLDEHYDROGENASE ^ 0 
C 2 H 5 OH + NAD — CH 3 - • NADH2 
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Ethanol release by k a l l i k r e i n was determined by the a l c o h o l dehydro-
genase r e a c t i o n i n a buffer of pH 8.7 containing semicarbazide. The 
NADH formed was continuously monitored f o r 10 min at 366 nm. Results 
on the s e n s i t i v i t i e s obtained with t h i s and other assay procedures 
f o r human urinary k a l l i k r e i n are compiled i n table 3. 
TABLE 3 Absorbance changes i n assays of human urinary 
k a l l i k r e i n with various substrates 
(Reaction volume, 3 ml, cuvette l i g h t path, 1 cm) 
BLANK REACTION _ 
( A A . 1 0 3 X MIN" 1) ( A A . 1 0 3 X MIN" 1 X I T 1 ) 
KELATIVE 
SENSITIVITIES 
AC-PHE-ARGOET 0.6 1 100 46 
D-VAL-LEU-ARGOET 0.6 430 20 
BZ-ARGOET 0.5 24 1 
Z-TYRONP 15 460 19 
D-VAL-LEU-ARG-P-NI TRANIL I DE 0.0 29 1.2 




S e n s i t i v i t y of the assay using Ac-Phe-ArgOEt allowed convenient 
measurement of the esterase a c t i v i t y of human urine. Urine samples 
of 20-100 n l provoked l i n e a r increase of absorbance from 0.04 to 
0.2 absorbance u n i t s per 10 min. The c o e f f i c i e n t of v a r i a t i o n of 
the t e s t was determined as ± 4%. Human urinary k a l l i k r e i n added i n 
known amounts to urine samples r a i s e d the esterase a c t i v i t y to the 
expected extent. There was found only one annoying disturbance. 
Ethanol, i f contained i n the urine sample, had to be removed by 
d i a l y s i s . E v i d e n t l y , intake of ethanol has to be prevented during 
the c o l l e c t i o n of urine samples to be analyzed by the present assay. 
Samples not containing ethanol showed unchanged esterase a c t i v i t y 
a f t e r d i a l y s i s . A number of experiments were undertaken i n order to 
v e r i f y that the measured esterase a c t i v i t y could be equated to the 
k a l l i k r e i n content of urine. T r a s y l o l completly i n h i b i t e d the e s t e r -
ase a c t i v i t y . Urine samples of 10 d i f f e r e n t persons were assayed 
a f t e r d i a l y s i s , a l s o on the blood pressure of the dog. The r e s u l t s 
of t h i s t e s t are shown i n Fig.1. 
Though the c o r r e l a t i o n c o e f f i c i e n t of the r e s u l t s of the two d i f f e r -
ent assays i s rather close to 1, there i s found a notable s c a t t e r i n 
the data. This observation i s not too s u r p r i s i n g , as the c o e f f i c i e n t 
of v a r i a t i o n of the blood pressure assay f o r k a l l i k r e i n amounts to 
± 20%, according to Arens and Haberland (1973). 
The r e s u l t s have also been checked by means of a radioimmunoassay 
(Fig.2) developed with antibodies to human urinary k a l l i k r e i n pro-
duced i n r a b b i t s . D e t a i l s of t h i s assay have been communicated l a s t 
year i n Mainz (Mann, 1977). 
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KE/ml Dog blood pressure 
F i g . 1. Comparison of k a l l i k r e i n a c t i v i t y 
i n 10 human urine samples, as de-
termined by bioassay and by hydro-




F i g . 2. Amount of k a l l i k r e i n i n human urine 
determined by radioimmunoassay com-
pared with k a l l i k r e i n a c t i v i t y , as 
determined by hy d r o l y s i s of Ac-Phe-
ArgOEt 
For f u r t h e r confirmation, p a r a l l e l determinations were also conducted 
with D-Val-Leu-ArgNKNp. D-Val-Leu-Arg-p-nitroanilide has been suggest-
ed qui t e r e c e n t l y by KABI (Amundsen, 1978) as a substrate f o r the de-
termination of human urina r y k a l l i k r e i n . Hydrolysis of p - n i t r o a n i l i d e s 
can be monitored at 405 nm. N e g l i g i b l e spontaneous h y d r o l y s i s of these 
compounds allows working at 37 degrees centigrade. To obtain absorb-
ance change of s u f f i c i e n t magnitude, an incubation time of 30 min was 
necessary with urine samples from 50 to 500 n l . This long incubation 
time precluded continuous monitoring of the r e a c t i o n . The r e s u l t s had 
to be corrected f o r the inherent absorbance of the urine samples that 
was determined i n p a r a l l e l . Both assays f o r human ur i n a r y k a l l i k r e i n 
then showed a s a t i s f a c t o r y c o r r e l a t i o n , as demonstrated i n F i g . 3. 
Such a c o r r e l a t i o n would only be expected from a mixture of d i f f e r e n t 
enzymes i f these were excreted always i n i d e n t i c a l proportions. This 
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r = 0.9954 
0.5 1.0 
D-ValLeu ArgNHNp [u/l] 
F i g . 3. Comparison of k a l l i k r e i n a c t i v i t y 
i n human ur i n e , as determined by 
hydrol y s i s of Ac-Phe-ArgOEt and 
D-Val-Leu-ArgNHNp 
argument i s strongly i n favour of the presumption that i n both assays 
only the k a l l i k r e i n content of urine i s determined. 
Ev i d e n t l y , both Ac-Phe-ArgOEt and D-Val-Leu-ArgNHNp are u s e f u l sub-
stances f o r k a l l i k r e i n determination i n human urine. The advantage 
of the Ac-Phe-ArgOEt assay i s the p o s s i b i l i t y of continuous monitor-
ing during the t e s t , a drawback i s the alcohol s e n s i t i v i t y of the r e -
act i o n . This i s not found i n the assay with D-Val-Leu-ArgNHNp but 
t h i s method s u f f e r s from the disadvantages of a two point assay, due 
to i t s l i m i t e d s e n s i t i v i t y . 
ABBREVIATIONS 
Bz-ArgOEt: N a-benzoyl-arginine e t h y l e s t e r , Z-TyrONp: Carbobenzoxy-
tyr o s i n e nitrophenyl e s t e r , Ac-Phe-ArgOMe: A c e t y l - p h e n y l a l a n y l - a r g i -
nine methyl e s t e r , Ac-Phe-ArgOEt: Acetyl-phenylalanyl-arginine e t h y l 
e s t e r , Z-Ser-Pro-Phe-Arg-MNA: Carbobenzoxy-seryl-prolyl-phenylalanyl-
arginine-4-methoxy-ß-naphtylamine, D-Val-Leu-ArgNHNp: D - v a l y l - l e u c y l -
a r g i n i n e - p - n i t r o a n i l i d e , D-Val-Leu-ArgOEt: D - v a l y l - l e u c y l - a r g i n i n e 
e t h y l e s t e r , 
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